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1
MACHINE TOOL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a machine tool suitable for
a machining on a reference plane side of a work piece that has
the reference plane on one surface and has no reference plane
on the other surface (a surface on the opposite side)

2. Related Art

A transmission case has right and left half pieces. By
combining the right and left half pieces, the transmission case
becomes a product. Alignment surfaces between the right and
left half pieces are used as reference planes for machining the
respective right and left halt pieces. Accordingly, each of half
pieces has the reference plane on one surface and has no
reference plane on the other surface (a surface on the opposite
side). When a work piece having a reference plane on only
one surface and no reference plane on the other surface 1s
worked, the reference plane must be positioned precisely with
respect to a machining axis.

Normally, as a mechanism relatively positioming a tool
head and a fitting j1g for supporting the workpiece, a posi-
tioming system for fitting a guide bar mto a guide post 1s
known. According to such system, there 1s a limit to a posi-
tioming precision because a clearance must be provided
between the guide bar and the guide post. Also, there exists
such a problem that a vibration caused 1n the work piece
during the machining operation 1s readily transmitted to the
tool.

In Patent Document 1, a horizontal-type machine tool con-
structed to eliminate a clearance between both members 1s
disclosed. A guide bar movable back and forth and a linear
guiding means for guiding the guide bar by pushing an outer
peripheral surface of the guide bar are provided to a tool head
side. A fastening means for holding/fixing the outer periph-
eral surface of the guide bar when compressed by a fluid
pressure 1s provided to a fitting j1g side, so that the clearance
can be eliminated.

In Patent Document 2, a vertical-type machine tool in
which a plurality of tool heads are vertically and horizontally
moved by an inverting action of a rotation frame and a shifting
action of a shift frame 1s disclosed. In the vertical-type
machine tool, instead of using the relatively positioning sys-
tem using the guide bar and the guide post, a system in which
a tool head side 1s constructed as a dynamic structure and a
fitting j1g side 1s caused to follow the tool head side 1s used.

In Patent Document 3, a gimbal mechanism 1s disclosed as
a mechanism for tiltably supporting a member with respect to
an axis. A general structure of the gimbal mechanism has a
convex spherical receiving portion provided on one member
and a concave spherical receiving portion provided on the
other member and silidably contact with the convex spherical
receiving portion.

| Patent Document 1|

| Patent Document 2| JP-B-63-65444

| Patent Document 3] JP-A-2002-210650

In the mechanism such as Patent Document 1 1n which the
guide bar on the tool head side 1s fixed by the fastening means
of the fitting j1g, the machine structure becomes complicated,
a weight becomes heavy, and the relative positioning between
both members 1s set up fixedly. Therefore, the vibration of the
work piece 1s readily transmitted to the tool head side, and
thus a burden 1s imposed on the edge, the gear, and the like on
the tool head side.
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Also, according to Patent Document 2, by structuring the
tool head side as the dynamic structure, a burden imposed on

the edge, the gear, and the like on the tool head side can be
lessened. However, there 1s a limit to a machining precision.

Although Patent Document 3 discloses the gimbal mecha-
nism, Patent Document 3 does not disclose or suggest a way
of using the gimbal mechanism for simultaneously machin-
ing the pair of work pieces.

SUMMARY OF THE INVENTION

In accordance with one or more embodiments of the inven-
tion, a machine tool 1s provided with: a machining unit fixed
to a frame; a base plate movable along a rail on the frame, for
moving a work piece toward and away from the machining
umt, and an intermediate plate movable along the rail
between the machining unit and the base plate, for pushing a
reference plane of the work piece set on the base plate and
positioning the work piece in a machining position.

The machine tool may include: a pallet, wherein the work
piece 1s supported on the pallet via a positioning pin; and a
holding plate mechanism provided on the base plate, for
tiltably supporting the pallet with respect to a machining axis.

Moreover, 1n accordance with one or more embodiments of
the invention, a machine tool 1s provided with: a machining
unit fixed to a frame; a base plate movable along a rail on the
frame, for moving a work piece toward and away from the
machining unit; and a holding plate mechanism provided on
the base plate, for supporting a pallet on which the work piece
1s set. The holding plate mechamism i1ncludes a lower plate
and a pair of upper plates. The lower plate 1s connected to the
base plate via a first gimbal mechanism so as to be tiltable
with respect to a machining axis. The pair of upper plates are
respectively connected to the lower plate via second gimbal
mechanisms so as to be tiltable with respect to the machining
axis.

The machine tool may 1nclude a lock mechanism provided
between the base plate and the lower plate, for locking a
movement of the lower plate.

The machine tool may include a positioning pin penetrat-
ing through and supported by the pallet via a retaining mecha-
nism.

According to the machine tool of the embodiments, posi-
tioning of a pair of pieces can be simultaneously carried out,
and machining of the pair of pieces can be individually car-
ried out. For example in a transmission case, the transmission
case 1s completed as a product by {fitting right and left half
pieces on reference planes. It 1s considered that a plurality of
right half pieces are continuously machined, then a plurality
of left half pieces are continuously machined, and finally
respective right and left half pieces are assembled. However,
in casting products, casting conditions may vary and shrink-
age ratios may differ 1n accordance with products. Therefore,
it 1s preferable that the pair of pieces are machined under the
same condition. According to the machine tool of the embodi-
ments, the pair of work pieces can be machined under the
same condition.

According to the machine tool of the embodiments, even 1f
the pair of work pieces are set on a single pallet, each of the
work pieces 1s individually arranged on right or left upper
plates via the positioning pins, so that the each of the work
pieces can independently tilt.

According to the machine tool of the embodiments, a
machining precision can be maintained highly and at the
same time a burden on the tool unit side can be lessened, and
in addition a reduction 1n weight of the machine can be
achieved. Also, such a disadvantage can be suppressed that
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the vibration of the work piece 1s transmitted to the tool side
in the cutting, and the like. Therefore, a burden 1imposed on
the machining unit side can be lessened.

Other aspects and advantages of the invention will be

apparent from the following description and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] A general perspective view of a machine tool
according to the present invention.

[FIG. 2] A side view of the machine tool 1n a standby state.

[FIG. 3] An enlarged view showing a state that a pallet 1s set
to a base plate.

[F1G. 4] A front view of the machine tool 1n a standby state.

[FIG. 5] A side view of the machine tool in a processing
state.

[F1G. 6] A view showing a state that a work 1s lifted up from
a position shown 1n FIG. 5 and then processed.

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENT

vy

An exemplary embodiment of the invention will be
explained with reference to the drawings. FIG. 1 1s a general
perspective view ol a machine tool according the exemplary
embodiment of the present mnvention. FI1G. 2 1s a side view of
the machine tool 1n a standby state. FIG. 3 1s an enlarged view
showing a state that a pallet 1s set to a base plate. FIG. 4 1s a
front view of the machine tool 1n a standby state. FIG. 5 15 a
side view of the machine tool 1n a processing state. FIG. 6 1s
a view showing a state that a work 1s lifted up from a position
shown 1n FIG. § and then processed.

In the machine tool, a protruded base portion 2 1s provided
to a bottom portion of a frame 1 to protrude forward, and a
turntable 3 1s fitted to an end of the protruded base portion 2.
Respective arms 5 that are different in phase by 180° are fitted
to a shait 4, which 1s turned by a motor, of the turntable 3.
When the arms 5 are turned on a horizontal plane, a work
piece W arranged on a pallet 6 via positioning pins 7 1s
loaded/unloaded on/from the machine tool.

A cylinder unit 8 1s provided vertically to an upper surface
of the protruded base portion 2. A base plate 9 1s coupled to a
top end of the rod of this cylinder unit 8. The base plate 9 1s
engaged with rails 10 provided vertically to a side surface of
the frame 1. The base plate 9 1s moved up and down when the
cylinder unit 8 1s driven.

A holding plate mechanism 11 for supporting the pallet 6 to
t1lt with respect to a machining axis L 1s provided on the base
plate 9. The holding plate mechanism 11 consists of a lower
plate 12 and two sheets of upper plates 13, 13 arranged over
the lower plate 12. A shaft 14 provided upright to the base
plate 1s passed through the lower plate 12, and the lower plate
12 1s supported by a coned disc spring 15 being arranged
around the shaft 14 such that such lower plate 12 1s tloated
slightly from the base plate 9. A gimbal mechanism (first
gimbal mechanism) including a convex spherical surface
receiving portion 16 and a concave spherical surface receiv-
ing portion 17 1s interposed between the coned disc spring 15
and the lower plate 12. The lower plate 12 can be moved
around a portion of the gimbal mechanism while tilting to the
machining axis L.

The upper plates 13, 13 are supported in a reverse tree
shape with respect to the lower plate 12. Specifically, shaits
18, 18 are provided to right and left end portions of the lower
plate 12, and the upper plates 13, 13 are passed through the
shafts 18, 18 with plays respectively therebetween. The upper
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plates 13, 13 are supported to by shaits 18, 18 via respective
gimbal mechanisms (second gimbal mechanisms). Each of
the second gimble mechamisms includes a convex spherical
surface recerving portion 19 and a concave spherical surface
receiving portion 20. Therefore, the upper plates 13, 13 are
movable around respective gimbal mechanisms while tilting
to the machining axis L. Further, tilting movements of the
upper plates 13, 13 are restricted by stopper bolts 21 provided
to the base plate 9.

A sheet of pallet 6 1s put on two sheets of upper plates 13,
13. The positioning pins 7 are provided to the pallet 6, as
described above. In the embodiment, six positioning pins 7
are passed through the pallet 6. The positioning pins are
respectively retained by stoppers 22 (retaining mechanisms
22).

In FIG. 3, out of six positioning pins 7, three pins on the left
side support aleft half body WL of a transmission case W, and
three pins on the right side support aright half body WR of the
transmission case W. Both the left half body WL and the right
halfbody WR ofthe transmission case W are supported by the
positioning pins 7 to direct their aligned surfaces as the ref-
erence plane upwardly.

Three convex portions 23 are provided to upper surfaces of
the upper plates 13, 13 respectively, and the upper plates 13,
13 are supported 1n a state that bottom surfaces of the posi-
tioning pins 7 are put on respective convex portions 23. That
1s, the pallet 6 1s not directly put on the upper surfaces of the
upper plates 13, 13 but the pallet 6 1s floated slightly from the
upper plates 13, 13 1n a free state. As a result, the left half body
WL of a transmission case W 1s supported directly on the
left-side upper plate 13 via three positioning pins 7 on the left
side to tilt, while the right half body WR of the transmission
case W 1s supported directly on the right-side upper plate 13

via three positioning pins 7 on the right side to tilt.

Also, wedge members 24 (lock mechanisms 24) are
arranged on the base plate 9. When the wedge members 24 are
inserted between the base plate 9 and the lower plate 12 by
driving a cylinder umt 25, the lower plate 12 1s locked 1n a
predetermined position.

A machining unit 30 1s arranged over the base plate 9. The
machining unit 30 1s fixed to the upper portion of the frame 1
and 1s equipped with a plurality of machining tools 31.

An intermediate plate 32 1s arranged between the base plate
9 and the machining unit 30. The intermediate plate 32 is
coupled to a rod lower end of an air cylinder unit 33, which 1s
provided to a top end portion of the machining unit 30 to move
its rod vertically, and a rod lower end of an air cylinder unit 34,
which 1s provided to an upper end portion of the frame 1 to
move its rod vertically, and 1s engaged with the rails 10.
Therefore, when a pushing force 1s applied upward to the
intermediate plate 32, the intermediate plate 32 1s lifted along
the rails 10 while compressing the air cylinder units 33, 34.

Positioning pins 33, 35 are projected downward from a
lower surface of the intermediate plate 32. In the present
embodiment, one positioning pin 35 engages with a part of
the lett half body WL of the transmission case W to position
the lett half body WL of the transmission case, while the other
positioning pin 35 engages with a part of the right half body
WR of the transmission case W to position the left half body
WR of the transmission case.

Next, an example of the machimng method using the
machine tool constructed as above will be explained hereun-
der.

First, a state 1n FI1G. 2 will be explained as a starting point.
In this state, the arms 5 of the turntable 3 hold the pallet 6 from
the bottom, and the transmission case W (the left and right
half bodies) 1s set on the pallet 6. Also, 1n this state, the
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cylinder unit 8 1s 1n its compressed state and the base plate 9
1s positioned below the arms 5 that are holding the pallet 6.

The cylinder unit 8 1s expanded from this state. Then, the
baseplate 9 1s lifted, and then the right, leftupper plates 13,13
constituting the holding plate mechanism 11 provided on the
base plate 9 recerve the pallet 6 from the arms 5. Concretely,
as described above, the convex portions 23 provided on the
upper surfaces of the upper plates 13, 13 contact the lower
ends of the positioning pins 7 and then lift the transmission
case W (the left and right half bodies) via the positioning pins
7, and the pallet 6 1s held by the positioning pins 7 in a free
condition.

When the cylinder unit 8 1s expanded, a part of respective
reference planes (upper planes) of the left and right half
bodies WL, WR of the transmission case W comes 1nto con-
tact with the positioning pins 35 of the intermediate plate 32
from the bottom. In this state, the left and right half bodies
WL, WR of the transmission case W are supported by the left
and right upper plates 13, 13 constituting the holding plate
mechanism 11 individually. Therefore, an exact positioning,
of the transmission case W can be achieved because respec-
tive upper plates 13, 13 are tilted by a reaction force that 1s
applied from the intermediate plate 32.

After the above positioning 1s completed, the wedge mem-
bers 24 are inserted between the base plate 9 and the lower
plate 12 by driving the cylinder unit 25, and then locked. In
this state, the upper plates 13, 13 constituting the holding
plate mechanism 11 can also be tilted, nevertheless the upper
plates 13, 13 are not tilted because they are pressed by the
positioning pins 35 from the top.

The left and right half bodies WL, WR of the transmission
case W are lifted up to the machining position by expanding
the cylinder unit 8, and they are worked by the machining tool
31 of the machiming unit 30. Then, the worked transmission
case W 1s transierred to the arms 5 of the turntable 3 by the
operations opposite to the above operations every pallet, and
the operation 1s completed.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the described
exemplary embodiment of the present invention without
departing from the spirit or scope of the invention. Thus, 1t 1s
intended that the present invention cover all modifications
and vanations of this invention consistent with the scope of
the appended claims and their equivalents.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

1 frame, 2 projection portion, 3 turntable, 4 shait of the
turntable, 5 arm, 6 pallet, 7 positioning pin of the pallet, 8
cylinder unit, 9 base plate, 10 rail, 11 holding plate mecha-
nism, 12 lower plate, 13 upper plate, 14 shaft provided upright
to the base plate, 15 coned disc spring, 16 convex spherical
surface receiving portion, 17 concave spherical surface
receiving portion, 18 shaft provided to the lower plate, 19
convex spherical surface recerving portion, 20 concave
spherical surface recerving portion, 21 stopper bolt, 22 stop-
per, 23 convex portion, 24 wedge member, 25 cylinder unait,
30 machining unit, 31 machiming tool, 32 intermediate plate,
33, 34 air cylinder unit, 35 positioning pin, L machining axis,
W transmission case, WL, WR transmission case half body

What is claimed 1s:

1. A machine tool comprising:

a machining umt fixed to a frame;

a base plate movable along a rail on the frame, for moving
a work piece toward and away from the machining unit;
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6

an intermediate plate movable along the rail between the
machining unit and the base plate, for pushing a refer-
ence plane of the work piece set on the base plate and
positioning the work piece in a machining position;

a lower plate disposed between the base plate and the

intermediate plate, the lower plate having a lower plate
concave spherical surface recerving portion;

a lower convex spherical surface recerving portion dis-
posed between the lower plate and the base plate, the
lower convex spherical surface cooperating with the
lower plate concave spherical surface receiving portion
to tiltably connect the lower plate to the base plate;

a pair of upper plates disposed between the lower plate and
the intermediate plate, each of the upper plates defining
an upper plate concave spherical surface receiving por-
tion; and

a pair ol upper convex spherical surface receiving portions
disposed between the lower plate and the respective
upper plates, the upper convex spherical surface recerv-
ing portions cooperating with the upper plate concave
spherical surface receiving portions to tiltably connect
the respective upper plate to the lower plate.

2. The machine tool according to claim 1, further compris-
ng:
a pallet, wherein the work piece 1s supported on the pallet
via a positioning pin.
3. The machine tool according to claim 1, further compris-
ng:
a lock mechanism provided between the base plate and the
lower plate, for locking a movement of the lower plate.

4. The machine tool according to claim 1, further compris-
ng:
a pallet on which the work piece 1s set; and

a positioning pin penetrating through the pallet, wherein
the positioning pin 1s supported by a retaining mecha-
nism.

5. The machine tool according to claim 4, further compris-

ng:

a convex portion provided on an upper face of the upper
plates, wherein the upper face of the upper plates faces
away Ifrom the lower plate and the convex portion sup-
ports the positioning pin.

6. The machine tool according to claim 1, further compris-

ng:

stopper bolts extending between the base plate and the

upper plates, the stopper bolts allowing restricted tilting
between the base plate and the upper plates.

7. The machine tool according to claim 1, further compris-
ng:
a shaft extending from the base plate toward the lower
plate; and

a coned disc spring coaxially received on the shaft, the
coned disc spring biasing the lower plate toward the
upper plates.

8. The machine tool according to claim 1, further compris-
ng:
a protruded base portion extending from a bottom portion
of the frame;

frame rails vertically extending along the frame, the rails
engaging the base plate; and

a cylinder unit provided on the protruded base portion, the
cylinder unit being operable to move the base plate
toward the intermediate plate.
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9. A machine tool comprising:

a machining umt fixed to a frame;

a base plate movable along a rail on the frame, for moving
a work piece toward and away from the machining unit;
and

a holding plate mechanism provided on the base plate, for
supporting a pallet on which the work piece 1s set,

wherein the holding plate mechanism includes a lower
plate and a pair of upper plates,

the lower plate 1s connected to the base plate via a first
gimbal mechanism so as to be tiltable with respect to a
machining axis, and

the pair of upper plates are respectively connected to the
lower plate via second gimbal mechanisms so as to be
tiltable with respect to the machining axis.

10. The machine tool according to claim 9, further com-

prising:

a lock mechanism provided between the base plate and the
lower plate, for locking a movement of the lower plate.

11. The machine tool according to claim 9, further com-

prising:

a positioning pin penetrating through the pallet, wherein
the positioning pin 1s supported by a retaining mecha-
nism.

12. The machine tool according to claim 11, further com-
prising;:
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a convex portion provided on an upper face of the upper
plates, wherein the upper face of the upper plates faces
away Ifrom the lower plate and the convex portion sup-
ports the positioning pin.

13. The machine tool according to claim 9, further com-

prising:

stopper bolts extending between the base plate and the
upper plates, the stopper bolts allowing restricted tilting
between the base plate and the upper plates.

14. The machine tool according to claim 9, further com-

prising:

a shaft extending from the base plate toward the lower
plate; and

a coned disc spring coaxially received on the shait, the
coned disc spring biasing the lower plate toward the
upper plates.

15. The machine tool according to claim 9, further com-

prising:

a protruded base portion extending from a bottom portion
of the frame:;

frame rails vertically extending along the frame, the rails
engaging the base plate; and

a cylinder unit provided on the protruded base portion, the
cylinder unit being operable to move the base plate
toward the intermediate plate.
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